Pulses alternans, the alternation of ventricular systoles of greater and lesser power, is well documented in the medical literature. It is known to occur most commonly in individuals with heart failure, especially in association with acquired aortic stenosis. ~'2 A relationship between anaesthetic drug administration and pulsus alternans has not been reported. In this report we describe the
recurrence of pulsus alternans after the intravenous bolus injection of 0.5 mg fentanyl in a patient with aortic stenosis and cardiac failure.
Case report
An 82-year-old 65-kg man was scheduled for aortic valve replacement for acquired aortic stenosis. He had an eight year history of progressive dyspnea on exertion, wheezing, paroxysmal nocturnal dyspnea, and episodes of near syncope. His medications were digoxin (0.125 mg p.o. daily), furosemide, and spironolactone. The electrocardiogram showed sinus rhythm with first degree AV block and left bundle branch block. The haematocrit was 40.0 per cent; serum potassium was 4.4mEq.L -~. Cardiac catheterization revealed a diffusely hypokinetie and enlarged left ventricle; cardiac index was 1.7 L.min-~.m -2, with a peak systolic lefi-ventricular-to-aortic pressure gradient of 30 mmHg and calculated aortic valve area of 0.5 cmL After premedication with lorazepam 2 mg p.o., the patient was brought to the operating room where radial arterial and internal jugular catheters were inserted. Pre-induction vital signs included arterial blood pressure of 100/45 with beat-to-beat alternation in systolic blood pressure (pulsus alternans) of less than 15 mmHg, sinus rhythm of 75 per minute, and central venous pressure of 1 mmHg. Continuous recording of electrocardiogram and arterial pressure was instituted.
Following preoxygenation, general anaesthesia was induced with incremental doses of fentanyl, CAN ANAESTH SOC J 1985 / 32:6 t pp654-7 FIGURE Pulsus altemans associated with administration of 0.5 mg fentanyl shortly after aortic valve replacement. Continuous reeording; pap~ speed 5 mm/min in center of tracing (as shown by "i mi# ~ scale), ~d 25 ~r otherwise, See text for detaiis~ ECG = electrocardiogram; AP = ~ystemie arterial pressurr pancuronium, and diazepam, until a total of 1.85 mg, 10 mg, and 10 mg, respectively, were administered. Lactated Ringer's solution was infused to maintain central venous pressure of 10mmHg; urine output was greater than 0.5ml.kg-a-hr -]. The pre-bypass period was notable for continued pulsus alternans of 10-15 mmHg. Additional fentanyl (1.0 rag) was administered during cardiopulmonary bypass. The heavily calcified tricuspid aortic valve was replaced with a 27 mm CarpentierEdwards porcine bioprosthesis. After an uneventful period of cardiopulmonary bypass, sinus rhythm was re-established. A catheter placed into the left atrium was attached to a fluid-filled manometer on the surgical field for continuous monitoring of left atrial pressure after bypass, Ventricular ectopy and hypertension were controlled by continuous infusion of lidocaine (2 mg'min -t) and nitroprusside (<2 Ixg'kg-l"min-l). Systolic blood pressure ranged from 110 to 120 mmI-lg, left atrial pressure from 5 to 10 cm water, heart rate from 100 to I 15, and there was no pulsus alternans ( Figure) . Urine OUtput after bypass exceeded I ml-kg -~ -hr -a . Following sternal wiring but before skin closure, more than one hour after starting lidocaine and nitroprusside, a bolus of 0.5 mg of fentanyl was injected. This was followed almost immediately by the appearance ofpulsus altemans of 30 mmHg systolic (Figure) . There were no changes in the electrocardiogram, heart rate, or mean left atrial pressure, which was 8 cm water. Pulsus alternans continued for at least 30 minutes, at which time management was transferred to the intensive care team, Postoperative recovery was slow with evidence of continued congestive heart failure. The patient was discharged 15 days after surgery.
Discussion
Pulsus altemans has long been recognized in association with aortic stenosis. Usually indicative of severe aortic stenosis, pulsus altemans is more often observed with acquired aortic stenosis than with congenital aortic stenosis of comparable severity, Pulsus alternans of 20 to 30mmHg may be present in the left ventricle with minimal alternans apparent in peripheral arterial pulses, ~. 2 Pulsus altemans should not be confused with bigeminal pulse, a far more common cause of alternating arterial pulsations. Bigeminal pulse is produced by coupling of a premature (weaker) beat with a normal (stronger) beat. In pulsus alternans, the beat to beat interval is constant.
The mechanism of generation of pulsus altemans has not been established. Incomplete recovery of contractile cells, with alternate failure of contraction has been postulated. Extracardiac factors causing alternation in ventricular tilting have also been proposed, a
Friedman e t al, 4 studied three patients with advanced heart disease in whom pulsus alternans could be induced by phlebotomy or by assumption of an erect position; pulsus altemans was mini-mized or abolished by exercise, digitalis, and norepinephrine infusion. These investigators concluded that in these patients with diseased hearts, reductions in end-diastolic volume by diminished venous return resulted in sub-optimal ventricular contraction. With a weak contraction, end-systolic volume was increased, leading to an increase in end-diastolic volume and a stronger contraction on the next beat. Such alternation of end-diastolic volume was observed by Gleason and Braunwald 5 during angiography in a patient with congenital aortic stenosis. Additional evidence in support of alternating end-diastolic fibre length as a cause of pulsus alternans is provided in the experimental study of Mitchell et al. in dogs) A more recent study by McGaughey et al. 6 in isolated dog hearts showed that alternating end-diastolic volume is not the only determining factor, as beats with identical end-diastolic volume still resulted in different endsystolic volumes and pressures, depending on the contractile state of the myocardium.
Several factors may have been responsible for the recurrence of pulsus alternans in our patient. First, myocardial contractility may have been altered as a result of myocardial infarction of air in a coronary artery. This was unlikely as the electrocardiogram showed no changes, either at the time of recurrence of pulsus alternans or subsequently, and serum enzyme levels postoperatively did not indicate myocardial infarction. Second, premature ventricular contractions are known to initiate pulsus alternans. However, lidocaine infusion had abolished ventricular ectopy for more than 30 minutes prior to the recurrence ofpulsus alternans. Third, nitroprusside may produce changes in systemic venous return, resulting in pulsus alternans. Such was unlikely in view of the unchanged left atrial pressure at the time of recurrence of pulsus alternails.
Fentanyl as a cause of pulsus alternans is strongly suggested by the temporal relationship between the administration of fentanyl and the return of pulsus alternans in this susceptible patient. Although pulsus alternans could have recurred spontaneously, the abrupt onset immediately after fentanyl, the magnitude of the pulsus alternans (more than twice that noted previously), and the absence of any concurrent changes in patient position or degree of surgical stimulation suggest a cause and effect relationship. To our knowledge such a response to fentanyi has not previously been reported. Indeed, fentanyl is generally considered to have minimal haemodynamic effects in patients with valvular heart disease. 7'a
The mechanisms by which fentanyl administration induced pulsus alternans must be consistent with the observed heart rate, rhythm, and left atrial pressure, all of which were unchanged after fentanyl. We propose that a decrease in sympathetic tone produced by fentanyl resulted in the recurrence of pulsus altemans in this patient. Reductions in plasma concentrations of epinephrine and norepinephrine, presumably reflecting a decrease in sympathetic tone, have been demonstrated in response to fentanyl (75 Ixg'kg -I) prior to cardiopulmonary bypass in patients undergoing coronary-artery bypass surgery. 9 Our patient received a total fentanyl dose of 52 p.g-kg -1.
Changes in sympathetic tone have widespread effects, and pulsus alternans may have been brought about by either a reduction in cardiac sympathetic or vascular sympathetic tone, or both. Although beatto-beat change in preload may not have been detected by the relatively sluggish manometric method employed here, the lack of change in preload as measured by left atrial pressure suggests that a vascular tone change was not responsible.
We are unable to say how withdrawal of sympathetic tone might have been responsible for pulsus alternans. However, it is of interest that manoeuvres which increase sympathetic tone such as exercise, 4 norepinephrine infusion 3'4 or reflex cardiac sympathetic nerve stimulation 3 can abolish pulsus alternans. These manipulations have cardiac sympathetic stimulation as the common denominator.
In summary, we have described the appearance of pulsus alternans immediately after fentanyl administration in a patient undergoing aortic valve replacement. We speculate that a reduction in sympathetic tone induced by fentanyl was responsible for the pulsus altemans. Although our patient suffered no apparent ill effects as a result, this case report illustrates a potentially significant haemodynamic effect of fentanyl.
